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Agenda item 1.37

1.37
to consider the regulatory and technical provisions for satellite networks using highly elliptical orbits

1
Introduction

ITU-R has been considering the sharing aspects of highly inclined elliptical orbit (HEO) satellite systems (occasionally referred to as “quasi-geostationary” systems) in a number of contexts over the last several years.

These HEO systems are being identified as a subcategory of non-geostationary (non-GSO) systems and some of them are intended for operation or are already operational in several fixed-satellite service (FSS) bands above 3 GHz. 

Due to the HEO inclined orbital characteristics, these systems are being considered mainly for covering high latitude geographical areas thus complementing the fixed-satellite services usually done by geostationary systems. In this case, geostationary systems are not so much adequate due to the very low operational elevation angle of the earth station antennas.

Once HEO satellites are a subcategory of non-GSO satellites, their pfd limits over the Earth’s surface are being discussed to be around the same present levels established for the non-GSO satellites in general. However, due to their “quasi-geostationary” operational characteristic and their highly inclined orbit, HEO satellites are potentially visible from the same point over the Earth’s surface in a quite similar space direction in a greater portion of the time when compared to a general non-GSO system.

Due to the great variety and multiplicity of orbital parameters of HEO systems, some interference mitigation techniques usually applied by FS operators against GSO satellite interference, such as arc avoidance, are not practical against HEO satellite interference. Specially when a terrestrial FS antenna is operating in a North-South direction link located at the tropical and sub-tropical region (which is not the main geographical area where the HEO system service is dedicated to), the probability of a HEO satellite active arc being intercepted by this FS antenna main beam is certainly greater than that of a GSO or a general non-GSO satellite. The HEO satellites active arcs will then represent a potential long-term interference source to the FS antennas while the general non‑GSO satellite will represent a short-term one.

This different orbital characteristic can be confirmed, once HEO-FSS earth stations are being planned to also use directive antennas with a main beam shape that allows operation at the HEO active arc, even without tracking systems, while for non-GSO systems, in general, the earth stations are equipped with omnidirectional antennas or directive antennas with automatic full-motion tracking systems.

On the other hand, a terrestrial FS antenna operating in a tropical or sub-tropical region in a North‑South direction link is expected to have a higher discrimination angle from a GSO satellite than from a HEO satellite, when both are operating near the same longitude (see Fig. 1).

Figure 1

Angular discrimination from FS antennas at low latitude in N/S direction 
relative to HEO and GSO satellites
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During the second and last ITU-R Conference Preparatory Meeting (November 2002), these views were expressed in its Final Report, where a set of different pfd masks to the HEO‑FSS systems was also included. Some of these masks have been obtained through more recent ITU-R studies that indicated the necessity of a greater protection for the FS systems, mainly in the 4 and 12 GHz bands.

2
Proposals

Due to technical aspects mentioned above, the Brazilian Administration supports the adoption of more restrictive pfd masks for the HEO-FSS satellites operating in the 4 and 12 GHz bands, identified respectively as Masks C (for 4 GHz) and E (for 12 GHz) in the ITU-R CPM‑02 Report. These pfd masks are basically more restrictive for the range of very low angles of arrival over the Earth’s surface, thus corresponding to the most critical interference situation of the FS receivers located outside the service area of the HEO satellite.

ARTICLE  21
Terrestrial and space services sharing frequency bands above 1 GHz

Section V  –  Limits of power flux-density from space stations
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TABLE  21-4     (WRC-2000)
	Frequency band
	Service*
	Limit in dB(W/m2) for angle
of arrival () above the horizontal plane
	Reference bandwidth

	
	
	0°-5°
	5°-25°
	25°-90°
	

	...
	
	
	
	
	

	3 400-4 200 MHz

4 500-4 800 MHz

5 670-5 725 MHz
(Nos. 5.453 and 5.455)

7 250-7 850 MHz
	Fixed-satellite
(space-to-Earth,
geostationary-satellite orbit)

Meteorological-satellite 
(space-to-Earth)

Mobile-satellite

Space research
	–152
	–152 + 0.5( – 5)
	–142
	4 kHz

	3 700-4 200 MHz
	Fixed-satellite
(space-to-Earth, non‑geostationary-satellite orbit)
	–147
	–147 + 1.15( – 5)
	–124
	1 MHz

	...
	
	
	
	
	


Reasons:
Since there is no special definition for HEO satellites to reflect their particular characteristics, the FS in the 3.7-4.2 GHz band should be protected by the adoption of adequate limits on pfd produced by all types of non-GSO satellites including those in highly-elliptical orbits. These pfd levels should be limited mainly for the lowest angles of arrival in order to avoid situations in which highly-elliptical orbits may repeatedly appear within the main beams of FS antennas for significant duration of time. The proposed limits are identified as Mask C in the ITU-R CPM‑02 Report.
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TABLE  21-4 (continued)
	Frequency band
	Service*
	Limit in dB(W/m2) for angle
of arrival () above the horizontal plane
	Reference bandwidth

	
	
	0°-5°
	5°-25°
	25°-90°
	

	...

	10.7-12.75 GHz
	Fixed-satellite
(space-to-Earth) 
(non-geostationary-satellite orbit)
	–147
	–147 + 1.75(– 5)
	–112
	1 MHz

	



	
	
	
	
	

	...


Reasons:
Since there is no special definition for HEO satellites to reflect their particular characteristics, the FS in the 10.7-12.75 GHz band should be protected by the adoption of adequate limits on pfd produced by all types of non-GSO satellites including those in highly-elliptical orbits. These pfd levels should be limited mainly for the lowest angles of arrival in order to avoid situations in which highly-elliptical orbits may repeatedly appear within the main beams of FS antennas for significant duration of time. The proposed limits are identified as Mask E in the ITU‑R CPM‑02 Report.

Agenda item 1.25
1.25
to consider, with a view to global harmonization to the greatest extent possible, having due regard to not constraining the development of other services, and in particular of the fixed service and the broadcasting-satellite service, regulatory provisions and possible identification of spectrum for high-density systems in the fixed-satellite service above 17.3 GHz, focusing particularly on frequency bands above 19.7 GHz

1
Introduction

The demand for broadband services is increasing. Provision of these services by satellites to ubiquitously deployed user terminals provides an attractive, competitive alternative to terrestrial communication systems. For a substantial percentage of users, satellites will provide the only means of broadband connectivity and for many more, satellites can provide an attractive competitive alternative to terrestrial communication systems. In remote communities, satellites might be the only broadband alternative, however, the satellite networks also require access to urban areas to ensure their commercial viability.

Satellite systems require a much longer lead time than do terrestrial systems to develop and implement; therefore, some regulatory assurance that terminal deployment will be commercially viable is essential. Designating a frequency band as HDFSS can help administrations in planning their earth station deployment.

HDFSS means ubiquitous deployment of a large number of small-antenna FSS earth stations. Site-by-site coordination of the HDFSS stations with FS stations is a rather long process. Identification of frequency bands for HDFSS does not eliminate the need for satellite network coordination in accordance with the ITU Radio Regulations (or applicable national regulations) or preclude FSS networks with other types of earth stations and characteristics. Nor does identification of FSS bands relieve an HDFSS network from ITU requirements to coordinate with FS networks, where required, across international borders. 

WRC-97 and WRC-2000 have identified bands for high density fixed services (HDFS) in the 31 GHz, 37.0-43.5 GHz and 55 GHz range. However, no bands have been specifically identified for HDFSS use. Further, it is noted in the CPM Report for WRC-2000 that sharing between HDFS and HDFSS is difficult since it is not practicable to coordinate the ubiquitous use of HDFS and HDFSS terminals within the same geographical area.

The Brazilian Administration supports that the identification of frequency bands for high density applications in the FSS be made through a footnote in Article 5 of the Radio Regulations which also makes reference to a WRC-03 Resolution providing guidance on its implementation. The Resolution would allow for the guidance to administrations to be made through a detailed explanatory text, which would not be appropriate, or even possible, if only a footnote in Article 5 is considered.

Brazil is also of the view that the footnote in Article 5 of the Radio Regulations and the WRC‑03 Resolution should both explicitly state that the identification of bands for high density applications in the fixed-satellite service does not preclude the use of the identified bands by other FSS applications or by stations in other services to which they are allocated on a primary basis and does not establish priority in the Radio Regulations. In this way, administrations will have the flexibility to define their individual spectrum management policies, having, at the same time, an indication of the frequency bands that are more suitable for HDFSS systems and where therefore they are more likely to be deployed.

2
Proposals

This proposal identifies spectrum above 19.7 Hz for high-density systems in the fixed-satellite service without constraining the use of these bands by other FSS applications or other co-primary services. It does not specifically establish priority among the different uses of these bands. The proposal consists of a new footnote 5.[HDFSS] to frequency bands identified for high-density FSS systems, consequential modifications to existing No. 5.547, and a new Resolution [HDFSS] providing guidance to administrations wishing to amend their national rules to implement high-density systems in the fixed-satellite service.
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18.6-22.21 GHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	19.7-20.1

FIXED-SATELLITE
(space-to-Earth)  5.484A
Mobile-satellite (space-to-Earth)
	19.7-20.1

FIXED-SATELLITE
(space-to-Earth)  5.484A
MOBILE-SATELLITE
(space-to-Earth)
	19.7-20.1

FIXED-SATELLITE
(space-to-Earth)  5.484A
Mobile-satellite (space-to-Earth)

	
5.524 ADD 5.[HDFSS]
	5.524  5.525  5.526  5.527  5.528  5.529 ADD 5.[HDFSS]
	
5.524 ADD 5.[HDFSS]

	20.1-20.2
FIXED-SATELLITE (space-to-Earth)  5.484A




MOBILE-SATELLITE (space-to-Earth)





5.524  5.525  5.526  5.527  5.528 ADD 5.[HDFSS]


Reasons:
The identification of appropriate frequency bands for high-density applications in the fixed-satellite service can help administrations and HDFSS satellite system operators in deployment of HDFSS earth stations. The addition of a footnote will also inform administrations of those specific bands intended for deployment of HDFSS systems in all regions of the world, while specifying that the use of these bands for HDFSS applications does not preclude their use by other co-primary services or by other FSS applications.
MOD
B/35/18

24.75-29.9 GHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	29.5-29.9

FIXED-SATELLITE
(Earth-to-space)  5.484A  5.539
Earth exploration-satellite
(Earth-to-space)  5.541
Mobile-satellite (Earth-to-space)
	29.5-29.9

FIXED-SATELLITE
(Earth-to-space)  5.484A  5.539
MOBILE-SATELLITE
(Earth-to-space)

Earth exploration-satellite
(Earth-to-space)  5.541
	29.5-29.9

FIXED-SATELLITE
(Earth-to-space)  5.484A  5.539
Earth exploration-satellite
(Earth-to-space)  5.541
Mobile-satellite (Earth-to-space) 

	
5.540  5.542 ADD 5.[HDFSS]
	5.525  5.526  5.527  5.529  5.540  5.542 ADD 5.[HDFSS]
	
5.540  5.542 ADD 5.[HDFSS]
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29.9-34.2 GHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	29.9-30

FIXED-SATELLITE (Earth-to-space)





MOBILE-SATELLITE (Earth-to-space)





Earth exploration-satellite (Earth-to-space)  5.541  5.543




5.525  5.526  5.527  5.538  5.540  5.542 ADD 5.[HDFSS]


Reasons:
The identification of appropriate frequency bands for high-density applications in the fixed-satellite service can help administrations and HDFSS satellite system operators in deployment of HDFSS earth stations. The addition of a footnote will also inform administrations of those specific bands intended for deployment of HDFSS systems in all regions of the world, while specifying that the use of these bands for HDFSS applications does not preclude their use by other co-primary services or by other FSS applications.
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40-40.5 GHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	40-40.5

EARTH EXPLORATION-SATELLITE (Earth-to-space)





FIXED





FIXED-SATELLITE (space-to-Earth)





MOBILE





MOBILE-SATELLITE (space-to-Earth)





SPACE RESEARCH (Earth-to-space)





Earth exploration-satellite (space-to-Earth)





ADD 5.[HDFSS]
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40.5-51.4 GHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	40.5-41
FIXED

FIXED-SATELLITE 
(space-to-Earth)

BROADCASTING

BROADCASTING-SATELLITE

Mobile

MOD 5.547 ADD 5.[HDFSS]
	40.5-41

FIXED

FIXED-SATELLITE 
(space-to-Earth)
BROADCASTING

BROADCASTING-SATELLITE

Mobile

Mobile-satellite (space-to-Earth)

MOD 5.547 ADD 5.[HDFSS]
	40.5-41

FIXED

FIXED-SATELLITE 
(space-to-Earth)
BROADCASTING

BROADCASTING-SATELLITE

Mobile

MOD 5.547 ADD 5.[HDFSS]


	41-42.5
FIXED

FIXED-SATELLITE (space-to-Earth)

BROADCASTING


BROADCASTING-SATELLITE


Mobile


MOD 5.547  5.551G ADD 5.[HDFSS]


Reasons:
The identification of appropriate frequency bands for high-density applications in the fixed-satellite service can help administrations and HDFSS satellite system operators in deployment of HDFSS earth stations. The addition of a footnote will also inform administrations of those specific bands intended for deployment of HDFSS systems in all regions of the world, while specifying that the use of these bands for HDFSS applications does not preclude their use by other co-primary services or by other FSS applications.
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40.5-51.4 GHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	47.2-48.2
FIXED





FIXED-SATELLITE (Earth-to-space)  5.552




MOBILE





5.149  5.340  5.552A  5.555
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	48.2-50.2
FIXED





FIXED-SATELLITE (Earth-to-space)  5.552




MOBILE





5.149  5.340  5.552A  5.555 ADD 5.[HDFSS]


Reasons:
Studies have shown that HDFSS uplinks and HDFSS downlinks cannot share the same spectrum, and there are interference concerns about FSS gateway uplinks and HDFSS downlinks. Accordingly, it is proposed that there be no change to the FSS allocation directions in the 47.2‑50.2 GHz band. The FSS allocation in this band is to be retained for uplink use only.
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5.547
The bands 31.8-33.4 GHz, 37-40 GHz, 40.5-43.5 GHz, 51.4-52.6 GHz, 55.78-59 GHz and 64-66 GHz are available for high-density applications in the fixed service (see Resolutions 75 (WRC-2000) and 79 (WRC‑2000)). Administrations should take this into account when considering regulatory provisions in relation to these bands. Because the band 40.5-42.5 GHz is identified for use by high-density applications in the fixed-satellite service (see No. 5.[HDFSS] and Resolution [HDFSS] (WRC-03)), and thus is available for these applications, administrations should further take into account appropriate constraints to high-density applications in the fixed service when considering regulatory provisions in relation to the latter type of applications in the same band [(see Resolution 84 (WRC‑2000))].     (WRC‑03)
Reasons:
Consequential to the addition of No. 5.[HDFSS] to the 40.5-42.5 GHz band, and the non-identification of 39.5-40.0 GHz for HDFSS use. NOTE – The square brackets reflect that the fate of Resolution 84 has not yet been determined.
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5.[HDFSS]
The space-to-Earth fixed-satellite service bands 19.7-20.2 GHz and 40.0-42.5 GHz and the Earth-to-space fixed-satellite service bands 29.5-30 GHz and 48.2-50.2 GHz, are identified for use by high-density applications in the fixed-satellite service in accordance with Resolution [HDFSS] (WRC-03). This identification does not preclude the use of these bands by other fixed-satellite service applications or by other services to which these bands are allocated on a co‑primary basis and does not establish priority among users of the bands in the Radio Regulations. Administrations should take this into account when considering regulatory provisions in relation to these bands.

Reasons:
The identification of appropriate frequency bands for high-density applications in the fixed-satellite service can help administrations and HDFSS satellite system operators in deployment of HDFSS earth stations. This footnote will also inform administrations of those specific bands intended for deployment of HDFSS systems in all regions of the world, while specifying that the use of these bands for HDFSS applications does not preclude their use by other co-primary services or by other FSS applications.
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DRAFT RESOLUTION [HDFSS] (WRC-03)

Guidelines for the implementation of high-density applications in the 
fixed-satellite service in frequency bands identified for HDFSS
The World Radiocommunication Conference (Geneva, 2003),

considering

a)
that demand has been increasing steadily for global broadband communication services throughout the world, such as those provided by high-density applications in the fixed-satellite service (HDFSS);

b)
that HDFSS systems are characterized by flexible, rapid and ubiquitous deployment of large numbers of cost-optimized earth stations employing small antennas and having common technical characteristics;
c)
that HDFSS is an advanced broadband communication application concept that will provide access to a wide range of broadband telecommunication applications supported by fixed telecommunication networks (including the Internet), and thus will complement other telecommunication systems;

d)
that, as with other FSS systems, HDFSS offers great potential to establish telecommunication infrastructure rapidly;

e)
that HDFSS applications can be provided by satellites of any orbital type, GSO or non‑GSO;
f)
that interference mitigation techniques have been and continue to be studied in ITU‑R to facilitate sharing between HDFSS earth stations and terrestrial services;
g)
that, to date, there is no agreement on the practicability of implementation of interference mitigation techniques for HDFSS earth stations,
noting

a)
that No. 5.[HDFSS] identifies bands for high-density applications in the fixed-satellite service (HDFSS);

b)
that in some of these bands, the FSS allocations are co‑primary with fixed and mobile service allocations as well as other services;

c)
that this identification does not preclude the use of these bands by other services or by other fixed-satellite service applications, and does not establish priority among users of the bands in the Radio Regulations;

d)
that in the band 18.6-18.8 GHz, the FSS allocation is co-primary with the Earth exploration-satellite service (passive) with the restrictions of Nos. 5.522A and 5.522B;

e)
that radio astronomy observations are carried out in the 48.94-49.04 GHz band, and that such observations require protection at notified radio astronomy stations;

f)
that co-frequency sharing between transmitting HDFSS earth stations and terrestrial services is very difficult in the same geographical area;

g)
that co-frequency sharing between receiving HDFSS earth stations and terrestrial stations in the same geographical area would require implementation of interference mitigation techniques (see considering f) and g));

h)
that a number of FSS systems with other types of earth stations and characteristics have already been brought into use or are planned to be brought into use in some of the frequency bands identified for HDFSS in No. 5.[HDFSS];

i)
that HDFSS stations in these bands are expected to be deployed in large numbers over urban, suburban and rural areas of large geographical extent,

recognizing

a)
that in cases where FSS earth stations use bands that are shared on a co-primary basis with terrestrial services, the current (2001) Radio Regulations stipulate that earth stations of the FSS shall be individually notified to the Bureau when their coordination contours extend into the territory of another administration;

b)
that as a consequence of their general characteristics, it is difficult and may be a rather long process to coordinate HDFSS earth stations with fixed service stations on an individual site-by-site basis between administrations;

c)
that to minimize the burden for administrations, procedures and provisions can be implemented by administrations for large numbers of HDFSS earth stations associated with a given satellite system;

d)
that harmonized worldwide bands for HDFSS are desirable in order to achieve global access and the benefits of economies of scale,

recognizing further

a)
that HDFSS applications implemented on FSS networks and systems are subject to all provisions of the Radio Regulations applicable to the fixed-satellite service, such as coordination and notification pursuant to Articles 9 and 11, including any ITU requirements to coordinate with terrestrial services across international borders, and the provisions of Articles 21 and 22,

resolves

that administrations which implement HDFSS:

1
consider making some or all of the frequency bands identified in No. 5.[HDFSS] available for HDFSS applications;

2
in making frequency bands available under resolves 1, to take into account:

–
that HDFSS deployment may be easier in bands that are not shared with terrestrial services;

–
the impact that, in bands shared with terrestrial services, the further deployment of terrestrial stations or of HDFSS earth stations would have on the existing and future development of HDFSS or terrestrial services, respectively;

3
consider taking into account the relevant technical characteristics, as identified by ITU‑R Recommendations (e.g. Recommendations ITU-R S.524‑7 and ITU‑R S.1594);
4
take into account other existing and planned fixed-satellite service systems having different characteristics in frequency bands where HDFSS is implemented in accordance with resolves 1 and the conditions specified in No. 5.[HDFSS],

invites administrations

1
to give due consideration to the benefits of harmonized utilization of the spectrum for HDFSS on a global basis, taking into account the use and planned use of these bands by all other services to which these bands are allocated, as well as other types of FSS applications;

2
to consider implementing procedures and provisions that facilitate the deployment of HDFSS systems within their territory in some or all of the bands identified in No. 5.[HDFSS].

Reasons:
Many administrations are currently in the process of determining how to appropriately provide for HDFSS services in their countries. Some of these administrations are looking to ITU for guidance on spectrum management issues concerning the FS and HDFSS and this Resolution provides that guidance.
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